Rationale: Although oxygen therapy is of clear benefit in patients with severe chronic obstructive pulmonary disease (COPD), recent studies have shown that short-term supplementary oxygen may increase oxidative stress and inflammation within the airways. Objective: We investigated whether systemic inflammation and oxidative stress at rest and during exercise in patients with COPD are influenced by supplemental oxygen. Methods: Nine normoxemic, muscle-wasted patients with moderate to very severe COPD were studied. Plasma markers of systemic inflammation (leukocyte counts, interleukin 6 [IL-6]) and oxidative stress (lipid peroxidation, protein oxidation, antioxidant capacity) were measured after treatment with either supplemental oxygen (nasal, 4 L · min ؊1 ) or compressed air, both at rest (1 h treatment) and after submaximal exercise (40 W, constant work rate). In addition, free-radical production by neutrophils and ATP-degradation products were determined before and after exercise. Results: Short-term oxygen breathing at rest did not influence systemic low-grade inflammation and oxidative stress. The IL-6 response to exercise was attenuated during cycling with supplemental oxygen. Exercise-induced lipid and protein oxidation were prevented by treatment with supplemental oxygen. This was associated with both decreased free-radical production by neutrophils and reduced formation of (hypo)xanthine and uric acid. Conclusion: Short-term supplementary oxygen does not affect basal systemic inflammation and oxidative stress but prevents exerciseinduced oxidative stress in normoxemic, muscle-wasted patients with COPD, and attenuates plasma IL-6 response. Inhibition of neutrophil activation and ATP degradation appears to be involved in this effect.
Despite the proven benefits of oxygen therapy in COPD, recently published data may shed another light on the effects of this therapy. Philips and coworkers (6) reported that breathing of 28% oxygen at 2.0 L · min Ϫ1 via nasal prongs for 30 min while resting resulted in an increase of breath methylated alkane contour in healthy subjects, suggesting increased oxidative stress in exhaled breath. In addition, Carpagnano and coworkers (7) investigated the effects of short-term supplementary oxygen on markers of oxidative stress and inflammation in exhaled breath condensate in both healthy subjects and patients with COPD. Exposure to increased inspiratory oxygen fraction (Fi O 2 , 0.28) for 1 h resulted in enhanced concentrations of interleukin 6 (IL-6) and 8-isoprostane in exhaled breath condensate of patients with COPD and healthy subjects. It is unknown if supplemental oxygen as used in clinical practice alters systemic markers of oxidative stress and inflammation. In healthy subjects, there is some evidence that markers of oxidative stress (i.e., lipid peroxidation and superoxide dismutase activity) in plasma are increased after hyperbaric oxygen therapy (8, 9) . Data on the effects of increasing Fi O 2 on these markers in patients with COPD are not known to the best of our knowledge.
Markers of oxidative stress and inflammation are known to be increased by intense exercise in healthy subjects. Oxidative stress and inflammation are now recognized to play an important role in the pathogenesis of COPD (10, 11) , and an increased response to exercise has also been described in patients with COPD (12, 13) . The effect of oxygen on exercise-induced systemic oxidative stress and inflammation in patients with COPD is largely unknown. Vina and colleagues (14) showed in five patients with very severe COPD (FEV 1 , 0.79 Ϯ 0.07 L) with advanced hypoxemia (Pa O 2 , 7.5 Ϯ 0.1 kPa) that exercise-induced (constant work rate, 40 W) blood glutathione oxidation was partially reduced by supplemental oxygen (2-3 L · min Ϫ1 ), indicating that supplemental oxygen decreased exercise-induced oxidative stress. Mechanistically, it is unknown which of the three major sources of intracellular free-radical generation (e.g., neutrophils, mitochondrial electron transport chain, and the xanthine oxidase pathway [12, 15, 16] ) are affected by supplemental oxygen.
We investigated the effect of short-term supplemental oxygen at rest and during exercise on markers of systemic inflammation and oxidative stress in normoxemic patients with moderate to very severe COPD. In a crossover design, plasma markers of inflammation (circulating leukocytes, concentration of IL-6) and oxidative stress (lipid peroxidation and oxidation of proteins) were measured in nine patients with COPD during treatment with either compressed air (nasal, 4 L · min Ϫ1 ) or supplemental oxygen (nasal, 4 L · min Ϫ1 ), both at rest (after 1 h treatment) and after a bout of cycle exercise (40 W, constant work rate). To improve insight in the possible mechanisms involved in these systemic effects, both ATP-degradation products (12, 17) and neutrophil activation (15, 16) were measured. In the present study, we selected muscle-wasted patients with COPD to evaluate the systemic effects of supplemental oxygen, because of the increasing evidence for a relation between systemic inflammation, oxidative stress, and muscle wasting in COPD (11, 18, 19) , and the importance of any intervention on these features in this specific subgroup of patients with COPD.
METHODS

Subjects
Nine (five males) muscle-wasted patients with COPD (fat-free mass index: males Ͻ 16 kg · m Ϫ2 , females Ͻ 15 kg · m Ϫ2 ) (20) participated in this study. The patients were recruited from our outpatient clinic and had moderate to very severe COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification (21) . All had been free of exacerbations for at least 2 mo before the study, and had stopped smoking at least 6 mo before inclusion. Exclusion criteria were the use of oral corticosteroids, long-term oxygen therapy, respiratory insufficiency (Pa O 2 Ͻ 8 kPa, Pa CO 2 Ͼ 6.7 kPa), and other chronic or exercise-limiting diseases. The use of inhaled corticosteroids (n ϭ 4), antioxidants (n ϭ 1), and supplemental vitamins was discontinued 1 wk before exercise testing. All patients were on bronchodilator therapy; none used theophylline. The study was conducted according to the Declaration of Helsinki and was approved by the medical ethical committee of our hospital. Written, informed consent was obtained from all subjects.
Study Design
Pulmonary function, body composition, and a maximal, symptom-limited, incremental bicycle test were assessed as part of the characterization procedure. In two subsequent visits (separated by 1 wk), the systemic effects of supplemental oxygen were evaluated in a double-blind, randomized, and placebo-controlled crossover design (Figure 1 ). At rest, subjects breathed either supplemental oxygen or compressed air via nasal prongs for 1 h at a flow rate of 4 L · min Ϫ1 . After a wash-out period of 2 h breathing ambient air, a submaximal constant work rate bicycle test at 40 W was performed with either supplemental oxygen Figure 1 . Study design. A 1 ϭ arterial blood sample at baseline; A 2 ϭ arterial blood sample after 60-min intervention at rest; A 3 ϭ arterial blood sample after wash-out period (control); A 4 ϭ arterial blood sample after 3 min unloaded cycling with intervention; A 5 ϭ arterial blood sample after constant work rate cycling with intervention.
or compressed air (nasal, 4 L · min Ϫ1 , again randomized and doubleblind). Oxygen supplementation of 4 L · min Ϫ1 was chosen because this flow rate is commonly used in training programs for patients with COPD (3, 22) . A work rate of 40 W was used to produce an energy expenditure of approximately 3 metabolic equivalents, which is equivalent to the power output required to walk in usual activities during daily life (23) . Patients were instructed to cycle as long as possible but for a maximum of 30 min. One week later, the protocol was repeated with the other interventions (crossover). At this second visit, patients were instructed to cycle exactly as long as at the previous visit, if possible. Because of the nasal prongs for supplementation of oxygen or compressed air, we were not able to measure ventilatory parameters breath by breath during cycling. At both visits, five arterial blood samples (20 ml/sample) were taken. Samples A1 and A2, and A4 and A5, were used to evaluate the effects of supplemental oxygen compared with compressed air at rest and during exercise, respectively. Sample A3 was used to control wash-out values with baseline values. Measurements after exercise were corrected for plasma volume shifts according to Dill and Costill (24) . Changes in systemic inflammation and oxidative stress in response to supplemental oxygen compared with compressed air were measured after 1 h at rest and after constant work rate bicycle exercise.
Blood Gas and Lactate Analysis
Arterial blood gasses (Pa O 2 , Pa CO 2 ) and lactate concentrations were measured using Gas analyzer Chiron 860 (Bayer, Tarrytown, NY).
Systemic Inflammation
Plasma IL-6 concentrations were measured using quantitative sensitivity and high-sensitivity sandwich ELISAs in kit form (R&D Systems, Minneapolis, MN) according to the supplier's instructions (detection limit, 0.039 pg · ml Ϫ1 ). Leukocyte counts were determined following standard laboratory assays.
Oxidative Stress
Concentrations of thiobarbituric acid-reactive substances (TBARs) were determined fluorometrically (25) . Levels of protein carbonyls were measured by means of an ELISA (26, 27) . 
Definition of abbreviations: BMI ϭ body mass index; CPET ϭ cardiopulmonary exercise testing; FFMI ϭ fat-free mass index; HR ϭ heart rate; ; ⌬lactate ϭ (lactate) at W max -(lactate at rest); Pa CO 2 ϭ arterial carbon dioxide tension; Pa O 2 ϭ arterial oxygen tension; PE max ϭ maximal expiratory mouth pressure; PI max ϭ maximal inspiratory mouth pressure; TLC ϭ total lung capacity.
Values are presented as mean Ϯ SE.
To investigate the role of free-radical generation by neutrophils, production of reactive oxygen species by isolated neutrophils (stimulated with phorbol myristate acetate) was measured by chemiluminescence (28, 29) . To evaluate the role for ATP degradation, plasma levels of xanthine, hypoxanthine, and uric acid were measured by a standard HPLC method with photodiode array detection, essentially as described previously (30) . Total antioxidant capacity was assayed spectrophotometrically by measuring the ferric-reducing ability of plasma (31) .
Statistics
Results are presented as means Ϯ SE if the variables were normally distributed. Otherwise, median values were presented. Responses were
TABLE 2. BLOOD GAS TENSIONS, SYSTEMIC INFLAMMATION, AND OXIDATIVE STRESS PRE-AND POST-TREATMENT WITH SUPPLEMENTAL OXYGEN OR COMPRESSED AIR AT REST
Pre-Air* Post-Air † Pre-Oxygen* Post-Oxygen † Blood gas tensions Pa O 2 , kPa 9. 
RESULTS
Subjects showed moderate to very severe airflow obstruction (Table 1) . During the incremental bicycle test, none of the patients reached their predicted Vo 2 max, but all achieved their maximal voluntary ventilation (Ve/MVV ϭ 98 Ϯ 6%) as a consequence of their ventilatory limitation, whereas heart rate reserve was preserved.
Effects of Oxygen Breathing at Rest
The effects of treatment with either compressed air or supplemental oxygen on blood gas tensions, systemic inflammation, and oxidative stress at rest are shown in Table 2 . As expected, arterial blood gas tensions were not affected after 1 h treatment with compressed air. Treatment with supplemental oxygen, however, induced a significant increase of Pa O 2 , whereas Pa CO 2 was not affected. No differences in markers of systemic inflammation and oxidative stress were observed after 1 h breathing supplemental oxygen or compressed air at rest (Table 2) .
Supplemental Oxygen during Constant Work Rate Cycling
After the wash-out period, an arterial blood sample was taken as control (A 3 in Figure 1 ). Blood gas tensions as well as markers of inflammation and oxidative stress after the wash-out were similar to baseline values (data not shown).
Median cycle time at 40 W was 14 min with supplemental oxygen (range, 4-20 min) and 15 min with compressed air (4-20 min; p ϭ 0.71). Individual exercise durations of both exercise tests are shown in Table 3 . At the second visit, four of the nine patients were exhausted before the aimed endurance was reached. Two of them (Subjects 6 and 9) received supplemental oxygen during cycling at the first visit and compressed air at the second visit. The other two patients (Subjects 3 and 5) received compressed air during the first cycle test and could not reach the aimed cycle time with supplemental oxygen during exercise. Physiologic responses to exercise are presented in Table 4 . 
Similar duration and intensity of the exercise resulted in comparable increases of heart rate and arterial lactate concentrations. Pa O 2 , however, changed differently during cycling with compressed air and supplemental oxygen. Although Pa O 2 slightly decreased to levels less than 9 kPa (mild hypoxemia) during cycling with compressed air, it decreased from hyperoxemic to normoxemic tensions during the exercise with supplemental oxygen. In contrast, Pa CO 2 similarly increased during exercise with compressed air and supplemental oxygen. Exercise-induced leukocytosis did not differ between the two treatments. With compressed air, the number of leukocytes increased from 8.1 Ϯ 0.6 to 9.4 Ϯ 0.9 ϫ 10 9 L Ϫ1 (p Ͻ 0.01), and with supplemental oxygen, the number of cells rose from 8.2 Ϯ 0.8 to 9.2 Ϯ 0.9 ϫ 10 9 L Ϫ1 (p Ͻ 0.01). These increases were caused by similar elevations of the differential leukocyte subsets (i.e., neutrophils, lymphocytes, monocytes; data not shown) after treatment with supplemental oxygen and compressed air. Plasma levels of IL-6 significantly increased after exercise with both interventions (p Ͻ 0.01 with compressed air, p Ͻ 0.05 with supplemental oxygen; Figure 2 ). The increase in IL-6 during cycling with supplemental oxygen (⌬IL-6 ϭ 0.2 Ϯ 0.1 pg/ml), however, was significantly lower (p Ͻ 0.05) compared with the increase after cycling with compressed air (⌬IL-6 ϭ 0.9 Ϯ 0.1 pg/ml). Postexercise concentrations of IL-6 were significantly higher after cycling with compressed air compared with cycling with supplemental oxygen (p Ͻ 0.05).
Constant work rate exercise resulted in free-radical-mediated tissue damage, as indicated by increased lipid peroxidation ( Figure 3A) . Oxygen supplementation prevented the exerciseinduced lipid peroxidation ( Figure 3B ). Changes in TBARs were significantly different between cycling with compressed air (⌬TBARs ϭ 0.8 Ϯ 0.2 M) and cycling with supplemental oxygen (⌬TBARs ϭ Ϫ0.3 Ϯ 0.1 M; p Ͻ 0.01). Formation of protein carbonyls was significantly increased after exercise with compressed air (p Ͻ 0.05; Figure 3C ). When the exercise was performed with supplemental oxygen, however, protein oxidation remained unaffected ( Figure 3D ). Changes in plasma carbonyls were significantly different between exercise with compressed air (⌬carbonyls ϭ 0.6 Ϯ 0.2 nM) and supplemental oxygen (⌬carbonyls ϭ 0.0 Ϯ 0.1 nM; p Ͻ 0.05).
In response to exercise with compressed air, production of reactive oxygen species by neutrophils significantly increased (p Ͻ 0.001; Figure 4A ). When the exercise was performed with supplemental oxygen, however, production of reactive oxygen species did not increase ( Figure 4B ). The increase in radical production (⌬respiratory burst) was significantly higher after exercise with compressed air than after exercise with supplemental oxygen (p Ͻ 0.01). Elevated levels of (hypo)xanthine (p Ͻ 0.05) and uric acid (p Ͻ 0.01) after exercise with compressed air suggest ATP degradation. The absence of an increase of these purines after exercise with supplemental oxygen pointed to attenuated ATP degradation ( Figure 5 ). Changes of xanthine, hypoxanthine, and uric acid were significantly different between the two exercise protocols (p Ͻ 0.01, p Ͻ 0.01, and p Ͻ 0.001, respectively).
Plasma antioxidant capacity decreased during exercise (p Ͻ 0.05) without changes (p ϭ 0.10) between breathing compressed air and supplemental oxygen ( Figure 6 ).
The effect of cycle time on the oxidative stress response was evaluated to exclude any possible effect of a shorter exercise endurance (not significant). No correlation with difference in cycle time between compressed air and supplemental oxygen and the difference in oxidative stress between the two exercise trials was found. Furthermore, even the two patients with a longer cycle time during intervention with supplemental oxygen showed a decreased oxidative stress response compared with compressed air.
DISCUSSION
Our results demonstrate that short-term oxygen breathing (nasal, 4 L/min for 1 h) does not affect basal systemic inflammation and oxidative stress in normoxemic, muscle-wasted patients with moderate to very severe COPD. Second, supplemental oxygen prevents exercise-induced systemic oxidative stress, and attenuates the response of IL-6 in these patients. Free-radical generation by neutrophils and also formation of purines are reduced after exercise with supplemental oxygen, suggesting a mechanistic role for both neutrophils and ATP degradation in the oxidative response to exercise.
Oxygen Therapy at Rest in Normoxemic Patients with COPD
Oxygen therapy prolongs survival, reduces the frequency of hospitalization and development of pulmonary hypertension in hypoxemic patients with COPD (1, 2), and has been shown to improve exercise performance in both hypoxemic and normoxemic patients (3) (4) (5) . Recently, interesting data about the effects of hyperoxia on markers of oxidative stress and inflammation in exhaled breath condensate of patients with mild to severe hypoxemic COPD and healthy subjects were presented (6, 7). Shortterm (30-60 min) breathing of supplemental oxygen (Fi O 2 , 0.28) increased 8-isoprostane, breath methylated alkane contour, and IL-6 concentrations in exhaled breath condensate. One of the aspects important for the clinical relevance of these findings (32) is whether oxygen administration exerted similar systemic effects in these patients. Within healthy subjects, 2 to 3.5 h exposure to very high Fi O 2 (Fi O 2 , 1.0, and Po 2 of 120 kPa, respectively) was associated with increased oxidative stress in both the airways and plasma, as measured by lipid peroxidation, and superoxide dismutase activity (8, 9) . In our study, increasing Pa O 2 to approximately 17 kPa did not affect markers for systemic inflammation or oxidative stress in normoxemic patients with moderate to very severe COPD at rest. This suggests that the increase of markers of inflammation and oxidative stress after short-term supplemental oxygen (7) in a concentration applied to patients with COPD is confined to the airways. The markedly higher fractions and longer exposure time in the studies with healthy subjects (8, 9) compared with our study may have contributed to the different findings.
Supplemental Oxygen during Exercise
During exercise training in both normoxemic and hypoxemic patients with COPD, supplemental oxygen can enhance training intensity (3, 4) and relieve dyspnea. Only a few studies about the systemic effects of supplemental oxygen during exercise have been published. In hypoxemic patients with COPD, oxygen inhalation partially improves the impaired muscle oxidative metabolism during exercise, as indicated by less intracellular acidosis, lower Pi/PCr ratio, and an increased PCr resynthesis compared with breathing air (33) . In the same study, no effects of supplemental oxygen on muscle oxidative metabolism during exercise were found in healthy subjects.
Markers of oxidative stress and inflammation, both systemically and locally (e.g., in muscle), are known to be increased by exercise in both healthy subjects (reviewed in Reference 34) and patients with COPD (12, 14, 35) . Very recently, the effects of supplemental oxygen on oxidative stress during training in healthy subjects were reported for the first time (36) . In the latter study, supplemental oxygen used in conjunction with highintensity interval training at altitude resulted in improvement in exercise performance without inducing additional oxidative stress. Our study shows that exercise-induced oxidative stress in Figure 4 . Production of reactive oxygen species by isolated neutrophils before and after cycle exercise (40 W) with compressed air (A ) or supplemental oxygen (nasal, 4 L · min Ϫ1 ; B ) in musclewasted patients with COPD. p Ͻ 0.001 for differences between mean respiratory burst (horizontal bars) between pre-and post-exercise. not sign. ϭ not significant. RLU ϭ relative light units.
normoxemic patients with COPD was prevented by supplemental oxygen. These findings in normoxemic patients are in line with the results of Vina and colleagues (14) , who reported partial prevention of exercise-induced glutathione oxidation by oxygen therapy in five hypoxemic patients with COPD. Besides prevention of systemic oxidative stress, the present study shows that the exercise-induced increase of plasma IL-6 in normoxemic patients with COPD was attenuated by supplemental oxygen. Plasma cytokines are known to increase during exercise (37) . The appearance of IL-6 in the circulation is by far the most marked, and its appearance precedes that of the other cytokines (38) . IL-6 is produced by many different cells, but the main sources in vivo are stimulated monocytes/macrophages, fibroblasts, and vascular endothelial cells (39) , indicative of its role in the modulation of the immune system. Furthermore, other cells have the ability to express IL-6 in response to proinflammatory stimuli, including keratinocytes, osteoblasts, T cells, B cells, neutrophils, eosinophils, mast cells, smooth muscle cells, and skeletal muscle cells (40) . Hypoxia induces IL-6 in cultured endothelial cells (41) , and hypoxia in vivo elevates serum IL-6 in humans (42) . Thus, prevention of low Pa O 2 using supplemental oxygen during exercise is a potential explanation for the diminished IL-6 response in the present study. Furthermore, cytokines (i.e., IL-6) can cause priming of neutrophils (43) (44) (45) . Priming of these cells results in an augmented response of these cells to produce reactive oxygen species without direct stimulatory actions on the cells themselves. In response to cell stimulation, these primed cells can become activated to release reactive oxygen species and lysosomal enzymes, which in turn may destroy cellular membranes, induce DNA damage, or affect protein functions by modifying the structures (43) (44) (45) . Within the present study, neutrophils produced increased reactive oxygen species after exercise with compressed air, but not after exercise with supplemental oxygen. After exercise, circulating neutrophils have a higher potential of producing highly toxic oxidants due to activation of the myeloperoxidase pathway (15) . Without influencing the number of cells, supplemental oxygen seems to reduce the activation of neutrophils and thereby prevents exercise-induced free-radical production. According to the abovementioned theory, the diminished IL-6 response, and the resulting lower postexercise IL-6 concentrations after cycling with supplemental oxygen, might have been the absent primer for the neutrophils. On the other hand, oxidative stress has also been shown to be a major stimulus for exercise-induced cytokine production (46) . It has been suggested that oxidative stress precedes the acute inflammatory response to exercise (47) . In this way, the prevention of exercise-induced oxidative stress by supplemental oxygen might also have been the cause rather than the result of diminished IL-6 production.
Preventing the production of reactive oxygen species by neutrophils with supplemental oxygen may have contributed to the absence of exercise-induced oxidative stress as was indicated by the absence of oxidation of proteins and lipids. Besides neutrophils, the mitochondrial electron transport chain and the xanthine oxidase pathway have been identified as major sources of intracellular free-radical generation during exercise (12, 15, 16) . The elevated hypoxanthine, xanthine, and uric acid levels observed in the present study after cycling with compressed air indeed suggest a role for the latter mechanism. Exercise increases the demand for energy production. The ATP requirements of skeletal muscles must be met by the metabolic processes that are available to regenerate ATP from ADP. When energy requirements exceed the ability of the cell to (re)synthesize ATP, net ATP degradation occurs. Degradation of ATP leads to the release of purine metabolic intermediates (i.e., adenosine, inosine, hypoxanthine, and xanthine). In the presence of xanthine oxidase activity, hypoxanthine and xanthine are converted to superoxide and uric acid. It has been proposed that generation of superoxide by xanthine oxidase is substrate (ATP-degradation products) and not enzyme activity limited. (48) Supplemental oxygen is likely to stimulate ATP formation from ADP, resulting in reduced ATP degradation. The decreased levels of ATPdegradation products and uric acid found after cycling with supplemental oxygen strongly suggest the involvement of this pathway in the prevention of exercise-induced oxidative stress.
Regarding a possible role for hypoxia in the exercise-induced inflammatory and oxidative response, it seems interesting that oxygen supplementation reduced oxidative stress after exercise even in the absence of marked decline of Pa O 2 . We did not find a correlation between the magnitude of oxygen desaturation and the reduction in exercise-induced oxidative stress with supplemental oxygen. This may at least be partially explained by the small number of patients included in the study and by the small differences of Pa O 2 decline between the subjects. In addition to our study, it would be useful to investigate whether the effects of supplemental oxygen are comparable or even more pronounced in a group of hypoxemic patients with COPD.
Clinical Implications and Future Directions
Repetitive exercise during daily life, or more specifically during exercise training, in patients with COPD may cause frequent exposure to systemic oxidative stress and inflammation, which may result in functional changes (i.e., modification of contractile amount and/or protein function). Indeed, we have recently shown evidence for impaired diaphragm contractile protein function in patients with COPD (49) . An interesting hypothesis to be tested is that exercise-induced systemic inflammation and oxidative stress, as shown in the present study, contribute to impaired (respiratory) muscle function in these patients.
Furthermore, the current study has indicated two mechanisms that are involved in exercise-induced systemic oxidative stress, which both can be influenced by treatment with supplemental oxygen. Better understanding of the mechanisms of the systemic effects in COPD may improve insight into the consequences of these effects and may offer new targets for therapies. Diminishing or preventing bursts of systemic inflammation and oxidative stress after physical activities in patients with COPD might be beneficial, but data showing a causal relation among reductions in inflammation and/or oxidative stress and improvement of exercise tolerance, outcomes of rehabilitation, or quality of life have not yet been published. Before we can recommend oxygen supplementation during exercise, it needs to be evaluated whether (1 ) the effects of supplemental oxygen as shown here are specific for normoxemic, muscle-wasted patients with COPD; (2 ) the effects remain when patients exercise frequently with oxygen; and (3 ) there are clinical consequences of oxygen supplementation.
In conclusion, this study demonstrates that supplemental oxygen during exercise diminishes the increase of plasma IL-6 and prevents systemic oxidative stress in normoxemic, muscle-wasted patients with COPD. Neutrophil activation and ATP degradation are both associated with these findings. Oxygen breathing at rest, however, has no effect on the low-grade systemic inflammation and oxidative stress in muscle-wasted patients with COPD. These data suggest that normoxemic, muscle-wasted COPD patients, a subgroup with clear systemic consequences of COPD, can be prevented from exposure to bursts of oxidative stress and inflammation by supplemental oxygen during exercise. Whether this will also result in improvement of exercise tolerance, outcomes of rehabilitation, or quality of life needs to be evaluated.
